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Abstract This study examined the timing of smoking
onset during mid- or late adolescence and the time-varying
effects of refusal self-efﬁcacy, parental and sibling smok-
ing behavior, smoking behavior of friends and best friend,
and parental smoking-speciﬁc communication. We used
data from ﬁve annual waves of the ‘Family and Health’
project. In total, 428 adolescents and their parents partici-
pated at baseline. Only never smokers were included at
baseline (n = 272). A life table and Kaplan–Meier survival
curve showed that 51% of all adolescents who did not
smoke at baseline did not start smoking within 4 years. The
risk for smoking onset during mid- or late adolescence is
rather stable (hazard ratio between 16 and 19). Discrete-
time survival analyses revealed that low refusal self-efﬁ-
cacy, high frequency of communication, and sibling
smoking were associated with smoking onset one year
later. No interaction effects were found. Conclusively, the
ﬁndings revealed that refusal self-efﬁcacy is an important
predictor of smoking onset during mid- or late adolescence
and is independent of smoking-speciﬁc communication and
smoking behavior of parents, siblings, and (best) friend(s).
Findings emphasize the importance of family prevention
programs focusing on self-efﬁcacy skills.
Keywords Smoking onset  Refusal self-efﬁcacy 
Smoking-speciﬁc parenting  Adolescence  Friends 
Discrete-time survival analysis
Introduction
In most Western countries, smoking onset increases most
rapidly during adolescence. In 2009, 7% of 11-years-old
adolescents in the Netherlands indicated that they had tried
smoking during their lifetime. This increased to 45% by the
age of 14 and 62% by age 17 (Stivoro, 2009). These
smoking rates are similar to those in the UK (National
Centre for Social Research, 2010) and the US ((MMWR)
2010). It is important to prevent young adolescents from
smoking because people who initiate smoking early in life
are more likely to develop a long-enduring smoking habit
(e.g., Chassin et al., 2000). To better prevent the onset of
adolescent smoking, increased insight into the exact timing
of adolescent smoking and its predictors is necessary. The
aim of the present study was to gain insight into the timing
of smoking onset and the time-varying effects of refusal
self-efﬁcacy, environmental smoking, and smoking-spe-
ciﬁc parenting throughout mid- or late adolescence.
One way to look at the timing of smoking onset is by
means of survival analyses (Willet & Singer, 1991; Willet
& Singer, 1993), also called event history analyses (Alli-
son, 1984). Survival analyses encompass a wide variety of
statistical methods to analyze occurrence and timing of
events, and it offers two main advantages in comparison to
traditional analytic methods to examine behavior over time
(Willet & Singer, 1993). Particularly, when studying ado-
lescent smoking, most traditional studies aimed at smoking
onset ignore the time to when smoking occurs, and do not
take into account the censoring of smoking behaviors
(Bidstrup et al., 2009; Grogan et al., 2009; Lotrean et al.,
2010). Censoring is an important feature of survival-time
data. Speciﬁcally, the survival times of some respondents
are unobserved, for instance, because smoking onset did
not take place before the termination of the study, which
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of these respondents (i.e., respondents with censored data)
incomplete. Failure to take this speciﬁc feature of survival
data into account can produce serious bias in estimates of
the distribution of survival time and related quantities.
Standard statistical tools do not allow the calculation of the
mean duration of episodes when observations are censored
(Systema et al., 1996).
The present study used discrete-time survival analyses
(Singer & Willet, 1993; Willet & Singer, 1993) because
data were gathered at speciﬁc time points and not contin-
uously over time. Discrete-time survival analysis allows for
examination of the longitudinal progression of the proba-
bility that an event occurs (Muthen & Masyn, 2005);
thereby, providing a more accurate insight into whether
adolescents start smoking and when (Singer & Willet,
1993; Willet & Singer, 1991; Willet & Singer, 1993).
Furthermore, the majority of longitudinal studies measure
predictors at one point in time thereby partially overlook-
ing the idea that values of predictors may vary over time,
and not permitting the effects of the predictors to ﬂuctuate
(Willet & Singer, 1991). Discrete-time survival analysis
allows the inclusion of time varying predictors, whose
values ﬂuctuate over time. In conclusion, by means of
survival analyses a more accurate prediction of smoking
onset can be made. As an additional consequence, the use
of survival analyses may cause magnitudes of effects to
differentiate (i.e. be weaker or stronger in magnitude) from
those found in studies using more traditional techniques.
One important predictorthatisassumed tovary overtime
and affects adolescent smoking is refusal self-efﬁcacy (de
Vries et al., 1988; Engels et al., 1997), which refers to ado-
lescents’conﬁdenceintheirabilitytostayanon-smokerand
the conﬁdence to refuse a cigarette (de Vries et al., 1988;
Engels et al., 1999). Self-efﬁcacy has been widely used to
explain smoking initiation in youths (e.g., Petraitis et al.,
1995). In some longitudinal studies, higher levels of self-
efﬁcacy related negatively to smoking onset (e.g., Bidstrup
et al., 2009;Chang et al., 2006;de Vries et al., 1995; Grogan
et al., 2009; Lotrean et al., 2010) but in other studies, self-
efﬁcacy did not relate to adolescent smoking onset (e.g.,
Ayo-Yusuf et al., 2009). Despite the prospective nature of
these studies, only some of these studies took smoking onset
at different time points into account (Bidstrup et al., 2009;
Chang et al., 2006; Lotrean et al., 2010). Most studies
assessed self-efﬁcacy and smoking initiation over a short
period (two or three time points) (Bidstrup et al., 2009;
Changetal.,2006;Grogan etal.,2009;Lotreanetal.,2010).
Moreover, some of these studies applied relatively small
time intervals (2-year or shorter), limiting the possibility to
examine the smoking onset throughout adolescence (Bidst-
rup et al., 2009; de Vries et al., 1995; Grogan et al., 2009;
Lotrean et al., 2010).
Besides self-efﬁcacy, parental, sibling, and peer smok-
ing are associated with adolescent smoking (e.g., Avene-
voli & Merikangas, 2003; Harakeh et al., 2007; Otten et al.,
2009). Parental smoking status affects the likelihood that
adolescents will start smoking and, over time, the devel-
opment of a more habitual smoking pattern (e.g., Mayhew
et al., 2000; Gilman et al., 2009). Smoking behavior of an
older sibling affects smoking onset of an adolescent
(Avenevoli & Merikangas, 2003; Harakeh et al., 2007),
although friends’ smoking is considered to be a stronger
predictor of adolescent smoking than sibling smoking
(Avenevoli & Merikangas, 2003). Adolescents with
smoking friends have been found to be more likely to
smoke themselves as compared to adolescents with non-
smoking friends (for a review see Hoffman et al., 2006;
Kobus 2003).
Another parental factor, smoking-speciﬁc parenting, has
been shown to be important in adolescent smoking
behavior (Chassin et al., 1998; Conrad et al., 1992).
Smoking-speciﬁc parenting includes speciﬁc strategies
aimed at preventing smoking onset by setting rules,
transmitting knowledge on smoking, and encouraging
antismoking attitudes (i.e., antismoking socialization) (e.g.,
Engels & Willemsen, 2004; Ennett et al., 2001; Harakeh
et al., 2005; Jackson & Dickinson, 2003). Earlier research
established that smoking-speciﬁc parenting practices
reduce the odds of adolescents being involved in smoking
(e.g., Chassin et al., 2005; de Leeuw et al., 2008; de Leeuw
et al., 2010; Harakeh et al., 2005). Moreover, parents
engage in different socializing efforts, such as constructive
forms of communication about smoking issues, to inﬂuence
their adolescent’s decision to smoke. Previous research has
found that frequency of communication is associated with
adolescent smoking (e.g., positively: Chassin et al., 1998;
Clark et al., 1999; Jackson & Henriksen, 1997; negatively:
Ennett et al., 2001; Harakeh et al., 2005). Higher quality of
communication was negatively associated with adolescent
smoking (e.g., Chassin et al., 2005; de Leeuw et al., 2008;
de Leeuw et al., 2010; Harakeh et al., 2005; Otten et al.,
2007). The divergent ﬁndings with respect to frequency
and quality of communication could be a reﬂection of
parents’ reaction to the smoking behavior of the adolescent.
Self-efﬁcacy, environmental smoking, and smoking-
speciﬁc communication are included in some of the most
important theories in explaining adolescent health risk
behavior (Petraitis et al., 1995). These theories have sug-
gested that the major inﬂuences on adolescent smoking are
social environments and psychological factors. Speciﬁcally,
environmental smoking has been found to affect adolescent
smoking through processes of modeling (e.g., Engels et al.,
1999), accordingly with social cognitive theories (Bandura,
1986), and parents exert socializing efforts through con-
structive forms of communication (Otten et al., 2007). From
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level,refusalself-efﬁcacyhasbeenshowntoprotectchildren
from smoking (e.g., Petraitis et al., 1995). In addition to the
direct effects of self-efﬁcacy, environmental smoking
exposure,andsmoking-speciﬁcparentingonsmokingonset,
it is likely that smoking behavior is a product of an interplay
between individual and environmental factors. Speciﬁcally,
we expect a weaker role of self-efﬁcacy in children exposed
to both peers and parent who smoke (e.g., Bauman et al.,
2001; de Vries et al., 2003). Environmental smoking and
communication about of smoking may affect refusal self-
efﬁcacyinarespectivelynegativeandpositiveway,whichin
turn may decrease or increase the odds for adolescent
smoking. Adolescents of parents who smoke may perceive
smoking as relatively normative behavior (Bricker et al.,
2007).Asaconsequence,thesechildrenmaybelesslikelyto
refuse a cigarette. We also expect a stronger role of self-
efﬁcacy in children whose parents engage in smoking-spe-
ciﬁc parenting (Engels & Willemsen, 2004; Huver et al.,
2006; Otten et al., 2007). Parents play an important role in
encouraging a child’s self-efﬁcacy: children of parents who
discusssmokingmattersareexpectedtobemoreconﬁdentin
their ability to refuse cigarettes from peers.
The present study
The main objective of the present study was to examine the
timingofsmokingonsetduringmid-orlateadolescenceand
the time-varying effects of refusal self-efﬁcacy, parental
smoking,siblingsmoking,friendsandbestfriend’ssmoking,
and smoking-speciﬁc communication. In addition, we
examined how the exposure to environmental smoking (i.e.,
parental, sibling, and peer smoking) and smoking-speciﬁc
parenting (i.e., frequency and quality of communication)
might alter the relation between self-efﬁcacy and adolescent
smoking onset during mid- or late adolescence. This was
tested using survival analyses. We expected that lower self-
efﬁcacy, smoking behavior of parents, older sibling, peers,
andmorefrequentcommunicationaswellaslowerqualityof
communication would be important predictors of the timing
of smoking onset. Further, we expected that environmental
smoking and smoking-speciﬁc communication alter the
relationship between self-efﬁcacy and smoking onset.
Methods
Procedure
Data were used from ﬁve annual waves of a longitudinal
Dutch study ‘Family and Health,’ which focused on factors
underlying various health behaviors in adolescence (e.g.,
Harakeh et al., 2005) and to investigate the inﬂuences from
father,mother,andsiblingsimultaneously.Weselected5,062
addresses of families consisting of father, mother, and two
adolescentsaged13–16 yearsfrom22municipalityregisters.
A letter was sent to all these families, inviting them to par-
ticipate in this study. In total, 885 families responded. From
thesefamilies,765mettheinclusioncriteria(i.e.,parentswere
marriedorwerelivingtogetherandallfamilymembershadto
be biologically related). Because of ﬁnancial resources, we
wererestrictedtoinclude428familiesintheproject.Afurther
selection was made to achieve an equal division of education
and an equal amount of sibling dyads (i.e., 108 boy-boy, 118
boy-girl, 106 girl-girl, and 96 girl-boy).
Between November 2002 and April 2003 (T1), an
interviewer visited the families in their homes. During
the home visit, each family member was asked to complete
a questionnaire individually. To maintain anonymity,
respondents were asked to sit apart from each other and not
to discuss the questions with each other. The numbers of
participating families at follow-up were 416 (T2), 404
(T3), 356 (T4), and 326 (T5), which is a 76% response rate
across the ﬁve waves. Each family received €30 per wave
if all four family members completed the questionnaires.
Sample characteristics
At T1, we selected only the youngest non-smoking ado-
lescents (n = 272), which allowed us to examine smoking
onset over the course of adolescence. Of the initial sample
(N = 428), 272 (63.6%) adolescents reported never
smoking at T1. Boys and girls were approximately equally
represented, with 52% of the adolescents being girls. The
age of adolescents ranged from 13 to 15 years, with a mean
age of 13.3 years (SD = 0.48), and the majority was Dutch
(95.2%). Education level was equally represented. Table 1
describes the characteristics of the initiators and non-
smokers at baseline. Early initiators showed lower levels of
self-efﬁcacy, reported higher levels of environmental
smoking, lower frequency of communication and higher
quality of communication.
Attrition analyses revealed differences between adoles-
centswhoparticipatedinthestudyatalltimepointsandthose
who dropped out. Adolescents that dropped out were less
likely to follow higher education (OR = .89, 95% CI =
.62-1.26, P\.01) and were more likely to have smoking
friends (OR = 1.69, 95% CI = 1.04–2.75, P\.05).
Measures
Adolescent smoking
Smoking behavior of the adolescent was assessed ﬁve
times with one-year intervals using a well-established
measure (de Vries et al., 2003; Kremers et al., 2001).
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which stage of smoking applied to them. Response cate-
gories ranged from 1 (I have never smoked, not even one
puff) to 9 (I smoke at least once a day). We recoded these
responses as non-smoker = 0 (never smoking) and smo-
ker = 1 (any experience with lifetime smoking) (Harakeh
et al., 2005).
Refusal self-efﬁcacy
At each wave, self-efﬁcacy was measured with six items on
a six-point-scale ranging from 1 (very difﬁcult) to 6 (very
easy), e.g., ‘To become (or to stay) a nonsmoker is ….’ and
‘Not to smoke if my friends are smoking is for me…’ (de
Vries et al., 1988; de Vries et al., 1995). Cronbach’s alphas
ranged from .85 to .91 across waves. A higher score on the
self-efﬁcacy scale indicated higher efﬁcacy to refuse a
cigarette. The scale used in the present study has been used
in various health studies in the Netherlands (de Vries et al.,
1995; Engels & Willemsen, 2004; Harakeh et al., 2004;
Otten et al., 2007). The psychometric properties of self-
efﬁcacy were sufﬁcient to good with high internal consis-
tencies (alpha’s[.85) and support for one underlying
factor (de Vries et al., 1988).
Parental smoking
At each wave, parents were asked to report which stage of
smoking applied to them using the same scale as for the
adolescents (de Vries et al., 2003). However, one of the
nine responses was less appropriate for adults (i.e., ‘I tried
smoking once in a while’); therefore, parents responded on
an eight-point scale (cf., Harakeh et al., 2005). Because of
the skewness of the distribution over the eight categories
and to establish a more robust measure of parental smok-
ing, this variable was transformed to a new variable
ranging from 1 to 5 (1 = ‘I have never smoked, not even
one puff’; 2 = ‘I tried smoking, I don’t smoke anymore’;
3 = ‘I stopped smoking, after smoking at least once a
month’ (based on the initial responses ‘I stopped smoking,
after smoking less than once a week’ and ‘I stopped
smoking, after smoking at least once a week’); 4 = ‘I
smoke occasionally, but not every day’ (based on ‘I smoke
less than once a month’, and ‘I smoke not weekly, but at
least once a month’, and ‘I smoke not daily, but at least
once a week’); 5 = ‘I smoke at least once a day’) (cf. Otten
et al., 2007).
Sibling smoking
At each wave, older siblings were asked the same question
about smoking status as the target adolescents (Harakeh
et al., 2005).
Friends’ smoking
The proportion of smoking friends was assessed at each
wave using the following question: ‘How many of your
friends smoke?’ Responses ranged from 1 (none of my
Table 1 Descriptive statistics for the smoking behavior of adolescent, peers, sibling, and parents, refusal self-efﬁcacy, and smoking-speciﬁc
parenting variables at T1–T5
Variable Smokers
(n = 153)
a
Non-smokers (n = 272)
a
T1 T1 T2 T3 T4 T5
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) Range
Mother
Adolescent smoking 3.33 (2.40)*** 1.00 (.00) 1.45 (1.40) 1.79 (1.94) 2.18 (2.35) 2.32 (2.47) 1–9
Refusal self-efﬁcacy 4.55 (1.06) 5.05 (.87)*** 5.11 (.89) 5.10 (.96) 5.18 (1.01) 5.21 (1.01) 1–6
Friends 2.11 (1.00)*** 1.43 (.63) 1.68 (.80) 1.98 (.95) 2.11 (.92) 2.24 (.98) 1–5
Best friends 3.01 (2.80)*** 1.49 (1.23) 1.83 (1.82) 2.32 (2.38) 2.75 (2.62) 3.12 (2.80) 1–9
Sibling smoking 3.29 (2.78)*** 2.02 (2.07) 2.31 (2.35) 2.65 (2.65) 2.97 (2.80) 3.14 (2.94) 1–9
Parental smoking 3.05 (1.28)* 2.62 (1.30) 2.51 (1.23) 2.49 (1.24) 2.50 (1.23) 2.42 (1.15) 1–5
Frequency of communication 2.08 (.87)* 1.89 (.64) 1.77 (.65) 1.72 (.62) 1.60 (.58) 1.54 (.52) 1–5
Quality of communication 3.33 (.62) 3.67 (.57)*** 3.58 (.66) 3.56 (.67) 3.63 (.66) 3.67 (.73) 1–5
Father
Parental smoking 2.99 (1.31) 2.64 (1.31) 2.60 (1.28) 2.51 (1.22) 2.55 (1.27) 2.51 (1.23) 1–5
Frequency of communication 1.98 (.90) 1.87 (.74) 1.74 (.69) 1.68 (.70) 1.54 (.57) 1.44 (.49) 1–5
Quality of communication 3.34 (.68) 3.67 (.62)*** 3.58 (.72) 3.53 (.68) 3.51 (.72) 3.57 (.77) 1–5
Asterisks indicate signiﬁcantly higher value for that group (initiators or non-smokers at T1). Chi-square test for categorical variables; t-tests for
continuous variables.
aSample sizes smaller for some items because of missing data. *** P\.001, ** P\.01, * P\.05
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1997).
Best friends’ smoking
At each wave, the adolescents were asked to report on a
9-point scale ranging from 1 (My best friend never smoked,
not even one puff) to 9 (My best friend smokes at least
once a day), which stage of smoking applied to their best
friend. Adolescents are rather accurate in estimating their
best friends’ smoking behavior (Harakeh et al., 2007).
Quality of smoking-speciﬁc communication
Quality of communication was assessed at each wave with
six items (per parent). The items on this scale reﬂect a
constructive and respectful way of communicating about
smoking-related issues (e.g., ‘My mother/father and I are
able to talk easily about our opinions concerning smok-
ing’). Adolescents were asked to report on a 5-point scale
ranging from 1 (completely not true) to 5 (completely true),
which answer applied to them (Harakeh et al., 2005). The
scale scores were averaged. Cronbach’s alphas across
waves ranged from .74 to .86 for adolescents reporting
about their mother and from .80 to .88 for adolescents
reporting about their father.
Frequency of smoking-speciﬁc communication
Frequency of communication was assessed at each wave by
averaging the scores of eight items assessing how often in
the past 12 months parents talked with their child about
smoking related issues (e.g., ‘During the last 12 months,
how many times did your mother/father talk to you about
how to resist peer pressure to use tobacco?’) on a 5-point
scale ranging from 1 (never) to 5 (very often) (Ennett et al.,
2001; see for an adapted Dutch version: Harakeh et al.,
2005). Cronbach’s alphas ranged from .87 to .89 (adoles-
cents reporting about their mother) and from .89 to .91
(adolescents reporting about their father) across waves.
Statistical analyses
For the purpose of this study, at baseline, we included only
adolescents who never smoked (n = 272). After calculat-
ing descriptive statistics, we used survival analyses
designed to account for censoring and consider whether
and when an event occurs (Willet & Singer, 1993).
We used the life table to describe the event occurrence
data. The life-table is a tool for summarizing the sample
distribution of event occurrence (Singer & Willet, 2003). It
tracks the event histories of a sample of respondents from
the beginning of through the end of data collection
(4 years). As a statistical summary of the life-table, the
Kaplan–Meier survival curve (Kaplan & Meier, 1958)
shows the survivor function. A survival function shows the
proportion of respondents who have not experienced the
event over time. The life-table approach is useful for
the preliminary analysis of survival data; however, this
method does not control for the effects of other predictors
as do regression models (Allison, 1995).
Therefore, discrete-time survival analyses were used to
assess the strength of the association between adolescent
smoking onset and other variables. Discrete-time survival
analysis treats time not as a continuous variable but as a
variable that is divided into certain intervals of time, e.g.,
once per year (Singer & Willet, 1993; Willet & Singer,
1993). The analyses were conducted with logistic regres-
sion analyses in SPSS 15.0. To use logistic regression
analyses, the dataset needed to be rearranged from a one-
person, one-record data set (272 person-level dataset) to
one-person, multiple-period data set (1,137 person-period
data set). This means that for every respondent in the
dataset, we recorded separate lines until the event occurred,
with a maximum of ﬁve lines (i.e., waves) per respondent.
The following steps were conducted in logistic regres-
sion analyses. In the ﬁrst step, we tested whether the
covariates of age, gender, education, and ethnicity related
to smoking status. In the second step, self-efﬁcacy, quality
of communication, frequency of communication, parental
smoking, sibling smoking, and overall friends and best
friend smoking of the wave before (T-1) were added. In the
third step, interaction terms (T-1) between self-efﬁcacy and
the following variables: quality and frequency of commu-
nication, parental smoking, sibling smoking, friends and
best friend smoking were entered. All the analyses were
conducted separately for mother and father.
Kaplan–Meier survival curves were made for the sig-
niﬁcant results of discrete-time survival analyses. For
those purposes, continuous variables were dichotomized
(0 = low and 1 = high). Classiﬁcation into low or high
category was based on the median split.
Results
Of the 272 adolescents, 120 adolescents reported to have
smoked at least once between T2 and T5. Descriptive
statistics for other (independent) variables are presented in
Table 1.
Life table
A life table examined the sample distribution of event
occurrence (Table 2), in our case staying a non-smoker or
244 J Behav Med (2012) 35:240–251
123smoking at least once. The ﬁrst column of the life table
describes the 4 years of measurement and the second col-
umn the accompanying interval time. The third column
depicts the number of respondents who entered each
interval. The group of respondents that entered the interval
is called ‘the risk set,’ that is, those who are eligible to
experience the event during the interval. The year 3 risk set
(n = 219) can be described as the year 2 risk set (n = 269)
without the 46 adolescents who started smoking during
year 2 and the number of censored cases (n = 4, with-
drawing during the interval). If a respondent started
smoking, or was censored, s/he dropped out of the risk set
for all remaining time points. The fourth column displays
the number of censored cases at the end of each time
interval. There are two types of censoring, that is, some
respondents would never experience the target event and
others would experience the event but not during the
study’s data collection. Column 5 shows the amount of
respondents who experienced the event (smoking) during
each interval, column 6 the proportion of smokers, column
7 the proportion of non-smokers, and column 8 the
cumulative proportion of these non-smokers. This propor-
tion represents all non-smoking adolescents at baseline
who still did not smoke at the end of each year. Our
ﬁndings showed that 51% of all non-smoking respondents
at baseline did not smoke after 4 years. The last column
shows the hazard ratio (HR). The hazard ratio is the pro-
portion of respondents at each interval who did not smoke,
who had the possibility to start smoking in the following
time interval, and who did not experience the event during
the preceding interval. The greater the hazard ratio, the
greater the risk to start smoking. The risk to start smoking
is rather stable over the adolescent years (between .16 and
.19).
Kaplan–Meier survival curve
In Fig. 1, the Kaplan–Meier survival curve depicts the
development of smoking onset over time. The survival
function shows the probability that a respondent will not
experience the event (‘‘survives’’). The ﬁgure depicts each
person who started smoking as a downward step in the
curve. The pattern shows that the number of respondents
who start smoking each year is almost stable over time
(Fig. 1).
Discrete-time survival analyses
Father
In the ﬁrst step, no effects were found for the covariates
(Table 3). In step 2, self-efﬁcacy, frequency of communi-
cation, and sibling smoking were positively associated with
adolescent smoking onset. The effects of friends smoking
and best friends smoking were almost signiﬁcant Adoles-
cents with higher levels of self-efﬁcacy 1 year earlier were
at lower risk to start smoking 1 year later compared to
adolescents with low levels of self-efﬁcacy (OR = .56,
95% CI = .43–.73, P = .000). Further, adolescents were
Table 2 Life Table
Year Interval
time
Number of
entering
interval
Number of
withdrawing during
interval (Censored)
Number
exposed to
risk
Number
of
smokers
Proportion
of smokers
Proportion of non-
smokers at the end of
the year
Cumulative
proportion of
non-smokers
Hazard
ratio
(HR)
1 [0,1] 272 3 270.50 0 .00 1.00 1.00 .00
2 [1,2] 269 4 267.00 46 .17 .83 .83 .19
3 [2,3] 219 25 206.50 30 .15 .85 .71 .16
4 [3,4] 164 5 161.50 25 .15 .85 .60 .17
5 [4,5] 134 5 131.50 19 .14 .86 .51 .16
Fig. 1 Kaplan–Meier-survival curve of onset of smoking. Each
person who started smoking is showed as a downward step in the
curve
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123more likely to start smoking when the frequency of the
father-child communication was higher at an earlier point
in time (OR = 1.47, 95% CI = 1.05–2.06, P = .03), and
adolescents were more likely to start smoking when older
siblings smoked at the previous point in time (OR = 1.12,
95% CI = 1.02–1.23, P = .02). Adolescents were more
likely to start smoking when they had more friends who
smoked and when their best friend smoked (respectively
OR = 1.34, 95% CI = .98–1.84, P = .07; OR = 1.12,
95% CI = .98–1.28, P = .08). In step 3, interaction effects
between self-efﬁcacy and frequency/quality of communi-
cation, smoking behavior of parents, sibling, friends, and
best friend were added to the equation but no signiﬁcant
effects were found.
1
Mother
In step 1 and 2, similar results were found. Lower self-
efﬁcacy (OR = .57, 95% CI = .44–.73, P = .000), high
frequency of maternal communication (OR = 1.65, 95%
CI = 1.14–2.39, P = .008), and sibling smoking (OR =
1.11, 95% CI = 1.01–1.22, P = .04) were related to ado-
lescent smoking onset 1 year later. Friends smoking
(OR = 1.33, 95% CI = .96–1.83, P = .08) was related to
adolescent smoking onset 1 year later. No signiﬁcant
interaction effects were found in step 3 (Table 3).
In Fig. 2, the Kaplan–Meier survival curves (adjusted
for censored episodes) are presented for self-efﬁcacy, fre-
quency of communication, and smoking of sibling. These
variables were split up into low (0) and high (1) based on
median split. The difference between low and high self-
efﬁcacy was signiﬁcant (log-rank = 34.97, P\0.001;
Fig. 2a). Adolescents who did not talk often about smok-
ing-related issues with their parents were less likely to start
smoking. The difference between low and high frequency
of communication was also signiﬁcant (mother: log-
rank = 12.93, P\0.05; father: log-rank = 12.15, P\
0.001) (Fig. 2c, d). In addition, a signiﬁcant difference
Table 3 Logistic regression analyses of adolescent smoking onset (discrete-time survival analyses)
Variable Adolescent—Mother Adolescent—Father
OR 95%CI OR 95%CI
Step 1
Gender .94 .60–1.47 .94 .60–1.46
Age .92 .76–1.12 .94 .78–1.14
Education .91 .72–1.16 .90 .70–1.14
Ethnicity 1.22 .98–1.52 1.22 .98–1.52
Step 2
Refusal self-efﬁcacy (T-1) .57*** .44–.73 .56*** .43–.73
Quality of communication (T-1) .81 .54–1.23 .91 .62–1.33
Frequency of communication (T-1) 1.65** 1.14–2.39 1.47* 1.05–2.06
Parental smoking (T-1) 1.05 .87–1.26 .93 .78–1.12
Friends smoking (T-1) 1.33 .96–1.83 1.34
 .98–1.84
Best friend smoking (T-1) 1.11 .97–1.28 1.12
 .98–1.28
Sibling smoking (T-1) 1.11* 1.01–1.22 1.12* 1.02–1.23
Step 3
Refusal self-efﬁcacy 9 Quality of communication (T-1) .71 .45–1.11 .82 .52–1.30
Refusal self-efﬁcacy 9 Frequency of communication (T-1) .87 .58–1.31 .98 .67–1.41
Refusal self-efﬁcacy 9 Parental smoking (T-1) .88 .72–1.09 .94 .77–1.15
Refusal self-efﬁcacy 9 Friends smoking (T-1) .91 .63–1.30 .84 .58–1.19
Refusal self-efﬁcacy 9 Best friend smoking (T-1) 1.09 .92–1.29 1.09 .93–1.29
Refusal self-efﬁcacy 9 Sibling smoking (T-1) 1.01 .90–1.14 1.02 .91–1.15
T-1 = 1 year before the smoking behavior, OR Odds Ratio, 95% CI 95% Conﬁdence Interval; Mother: R
2 = .013 for Step 1, R
2 = .139 for
Step 2; R
2 = .151 for Step 3 (Nagelkerke), Father: R
2 = .012 for Step 1; R
2 = .131 for Step 2; R
2 = .137 for Step 3 (Nagelkerke).
 = P\.10,
* P\.05, ** P\.01, *** P\.001
1 Interaction effects of quality of communication and frequency of
communication with smoking behavior of the parent, smoking
behavior of sibling, and smoking behavior of (best) friends were also
tested (i.e., quality/frequency of communication * parental smoking,
quality/frequency of communication * best friends smoking, quality/
frequency of communication * sibling smoking). No moderation
effects were found.
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found (log-rank = 17.24, P\0.001), indicating that ado-
lescents with smoking siblings are more likely to start
smoking (Fig. 2b).
Discussion
The present study examined the timing of smoking onset
during mid- or late adolescence and the role of the time-
varying effects of refusal self-efﬁcacy, parental smoking,
sibling, friends and best friend’s smoking, and smoking-
speciﬁc parenting. Survival analyses were used to give
insight into whether smoking onset occurred and when
(e.g., Singer & Willet, 1993). The majority of longitudinal
studies predict smoking by looking at predictors at one
point in time, partially ignoring the idea that the effects of
certain predictors may change or ﬂuctuate over time
(Willet & Singer, 1991). By looking at the particular time-
related effects of different predictors, survival analyses are
more accurate. Moreover, survival analyses minimize bias,
because non-occurrence of smoking is taken into account
(censoring). The present study looked at smoking onset in
mid- or late adolescence.
Results of the life table approach provided important
preliminary information about when smoking onset occurs
during mid- or late adolescence by estimating survival and
hazard rates. Findings revealed that 51% of all non-
smoking respondents at baseline did not start smoking
within the study period. To be able to accurately compare
these results with national data, also the early initiators
need to be taken into account. At age 13–14 (baseline
assessment), 153 respondents reported lifetime smoking
and were excluded from the analyses. From the respon-
dents that were included in the analyses, 120 respondents
started smoking at some point during the study period. So,
at the ﬁnal assessment at age 17–19, in total 273 respon-
dents (63.8%) had some experience with smoking, which is
Fig. 2 Cumulative survival curves refusal self-efﬁcacy a, smoking
behavior sibling b, and frequency of communication: mother c and
father d. Continuous variables were dichotomized based on median
split to low (below the median) and high (above the median). Each
person who started smoking is showed as a downward step in the
curve
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(Stivoro, 2009). Smoking initiation risks were quite similar
throughout mid- and late adolescence (hazard ratio
between .16 and .19).
Discrete-time survival analyses were used to assess the
relationship between self-efﬁcacy, smoking behavior of
parents, sibling, friends’ and best friend and smoking-
speciﬁc communication, and adolescent smoking onset. An
advantage of discrete-time survival analyses is that it takes
into account the time-varying predictors, whose values
ﬂuctuate over time. We found that during mid- or late
adolescence self-efﬁcacy, sibling smoking, and frequency
of communication assessed 1 year prior to onset are
important predictors of smoking onset.
For self-efﬁcacy, we found that adolescents with high
levels of self-efﬁcacy were less likely to start smoking in
the following year, even after controlling for environmental
smoking and smoking-speciﬁc parenting. This is in line
with previous longitudinal research (Bidstrup et al., 2009;
Chang et al., 2006; de Vries et al., 1995; Grogan et al.,
2009; Lotrean et al., 2010). In a recent paper (Hiemstra
et al., 2011), we found comparable effects of self-efﬁcacy
on adolescent smoking behavior over time. A decrease in
self-efﬁcacy over time is associated with smoking pro-
gression, even after controlling for parental, sibling, and
friends’ smoking behavior.
In addition, we also found that more frequent parental
talking about smoking-related issues with their children
was associated with an increased risk for children to start
smoking. Speciﬁcally, frequency of communication about
smoking related issues predicted smoking onset 1 year
later. This ﬁnding might indicate that when adolescents
start to experiment with more deviant behavior in general
and drift towards deviant peers, parents might react to that
by talking more often with their children. Previous cross-
sectional studies found similar results of higher frequency
of communication (e.g., Ennett et al., 2001; Harakeh et al.,
2005; Otten et al., 2007). However, contrary ﬁndings were
also found (e.g., Chassin et al., 1998; Clark et al., 1999;
Jackson & Henriksen, 1997). Existing longitudinal studies
found no association between frequency of communication
and adolescent smoking onset (den Exter Blokland et al.,
2006; Ennett et al., 2001). It could be that some of the
inconsistent results are reﬂections of interactions between
frequency of communication and quality of communica-
tion. For instance, it could be that in some studies parents
engaged in both high levels of frequency of communication
and high levels of quality of communication indeed caus-
ing preventive effects. Alternately, other parents could
engage in high levels of frequency together with low levels
of quality of communication actually increasing the risk for
smoking. Another explanation could be that environmental
smoking moderates the effects of frequency of communi-
cation on adolescent smoking. No previous research has
been conducted on the circumstances under which fre-
quency of communication might have positive or aversive
effects. Hence, more longitudinal studies should look into
this to provide more insight into the circumstances in
which frequency could be effective.
In contrast to other studies, no association was found
between quality of communication and adolescent smoking
onset (e.g., Chassin et al., 2005; de Leeuw et al., 2008). An
explanation for not ﬁnding an association could be that
parents only started talking about smoking matters, or
changed their way of communicating, after their child had
tried smoking (de Leeuw et al., 2010).
2
Previous research found that smoking behavior of sib-
ling, friends and parents is related to smoking onset (e.g.,
Avenevoli & Merikangas, 2003; Bauman et al., 2001;
Harakeh, et al., 2007), however these studies did not in-
volve survival analyses. In the present study, we indeed
found support for the relationship between sibling smoking
behavior and adolescent smoking onset. An explanation for
sibling smoking may be that younger siblings perceive
older siblings as important role models, and they are likely
to model their behavior (Harakeh et al., 2007). The effect
of friends’ smoking was marginally signiﬁcant and no
association between parental smoking and smoking onset
was found. In this study, we looked at the ﬁrst experience
with smoking. Since the ﬁrst smoking experience is with
friends and the survival analyses concentrates at smoking
onset at each point in time, this might have caused an
absence of the effect of parental smoking. Moreover,
samples with adolescents aged 13 or older it has been
found that the inﬂuence of parental smoking is less
important than that of friends’ smoking on smoking onset
(e.g., Gilman et al., 2009). Finally, in contrast to our
expectations, no-interaction effects between self-efﬁcacy
and quality and frequency of communication, smoking
behavior of parents, sibling, and friends were found.
Refusal self-efﬁcacy appears to be independent of the
frequency and quality of parental communication and
parents’, friends’ and sibling smoking.
2 We tested the relationship between quality and frequency of com-
munication at current time point and adolescent smoking behavior at
previous time point, while controlling for quality and frequency of
communication at previous time points. We found that when a child
started smoking, the following year frequency of communication
would increase. We also found an inverse relationship between child
smoking and quality of communication. Particularly, when a child
started smoking, quality of communication would be lower the fol-
lowing year. Perhaps, the quality of communication decreases after
children started smoking because parents no longer see the need of
qualitative communication, while at the same time they may even be
more likely to emphasize that smoking is a bad habit with serious
health consequences, explaining the increasing frequency of com-
munication levels. More research is necessary to test these and related
hypotheses.
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123Strengths, limitations, and implications
This study has several strengths. A longitudinal design was
used, and by conducting survival analyses, the timing of
smoking onset was taken into account as well as the non-
occurrence of an event (censoring). However, some limi-
tations of this study should also be acknowledged. First,
adolescents had to report about own smoking behavior and
about smoking by their friends’ and best friends. Although
previous research has shown that self-report data about
smoking (e.g., Dolcini et al., 2003) and adolescents’ reports
about friends’ smoking habits (e.g., Harakeh et al., 2007)
are generally reliable, multi-informant data would have
been more complete. Second, by using survival analyses,
adolescents with a history of smoking at the ﬁrst assess-
ment were excluded from the analyses. Early initiators
differed from never smokers at the ﬁrst assessment with
respect to self-efﬁcacy, environmental smoking, frequency
of communication and quality of communication (Table 1).
The mechanisms underlying smoking onset might differ for
those who start early in adolescence as compared to those
who start in mid- or late adolescence. It is therefore rele-
vant to stress that conclusions of this study can only refer to
adolescents who started smoking in mid- or late adoles-
cence. Replications of this study should preferably include
a younger cohort of children or adolescents to test whether
the effects would remain signiﬁcant in a younger group.
Although we used data over a relatively long period of
time, a prospective study that would cover the pre-ado-
lescence period, adolescence, and young adulthood, would
be very interesting. Third, it is possible that our ﬁndings are
affected by selective drop-out, as attrition analyses showed
that adolescents with lower education and more smoking
friends were more likely to drop-out of the study. Lower
education level (Hanson & Chen, 2007) and more smoking
friends (Hoffman et al., 2006; Kobus, 2003) are associated
with higher levels of smoking, so caution is warranted
when interpreting and generalizing our ﬁndings. Never-
theless, selective drop-out in our study was limited. Finally,
generalizability to the larger population was limited since
we only included intact families from Dutch origin (i.e.,
mother, father, and two children). Previous studies have
shown higher smoking prevalence rates in adolescents from
single-parent rather than two-parent families (Brown &
Rinelie, 2010; Lonczak et al., 2007).
In sum, the current ﬁndings showed that smoking initi-
ation risks were quite similar throughout mid- and late
adolescence and that refusal self-efﬁcacy is an important
longitudinal predictor of smoking onset and self-efﬁcacy is
independent of smoking-speciﬁc communication and
smoking behavior of parents, sibling, and (best) friend(s).
The results imply the importance of prevention programs
that focus on teaching skills for resisting social pressure to
use tobacco by helping adolescents to develop personal
self-management and social skills (e.g., Life Skills Train-
ing: Botvin et al., 2003). Such interventions, with a
recurrent character, could contribute to lower smoking
onset rates in adolescents.
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